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VIBRATION BASED DOWNHOLE POWER 
GENERATOR 

This is a continuation, of application Ser. No. 09/493, 
801, ?led Jan. 28, 2000, abandoned such prior application 
being incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to operations and 
equipment utiliZed in conjunction With subterranean Wells 
and, in an embodiment described herein, more particularly 
provides a method and apparatus for generating electrical 
poWer doWnhole. 

PoWer for use in a doWnhole environment has generally in 
the past been either stored in a device, such as a battery, and 
conveyed doWnhole or it has been transmitted via 
conductors, such as a Wireline, from the space or another 
remote location. As is Well knoWn, batteries have the capa 
bility of storing only a ?nite amount of poWer therein and 
have environmental limits, such as temperature, on their use. 
Additionally, batteries are not readily recharged doWnhole. 

Electrical conductors, such as those in a conventional 
Wireline, provide a practically unlimited amount of poWer, 
but require special facilities at the surface for deployment 
and typically obstruct the production ?oWpath, thereby 
preventing the use of safety valves, limiting the ?oW rate of 
?uids through the ?oWpath, etc. While the conductors are in 
the ?oWpath. Thus, Wireline operations are typically carried 
out prior to the production phase of a Well, or during 
remedial operations after the Well has been placed into 
production. 
What is needed is a method of generating electrical poWer 

doWnhole. The method should not require that poWer be 
stored in a device and then convened doWnhole Where it is 
dif?cult to recharge. The method should also not require that 
poWer be transmitted from a remote location via one or more 
conductors positioned in a production ?oWpath of a Well. It 
is accordingly an object of the present invention to provide 
a method Whereby poWer is generated doWnhole, and to 
provide an apparatus for such poWer generation. 

SUMMARY OF THE INVENTION 

In carrying out the principles of the present intention, in 
accordance With an embodiment thereof, a doWnhole poWer 
generator is provided in Which ?uid ?oW therethrough 
causes vibration of a member therein. Vibration of the 
member is used to produce electrical poWer. 

In one aspect of the present invention, the member is 
elongated and extends into a ?oW passage formed through a 
housing. As ?uid ?oWs through the ?oW passage, the mem 
ber vibrates. The member may be secured to the housing at 
one end, With the other end facing into the ?uid ?oW. 
Alternatively, the secured end may face in the direction of 
the ?uid ?oW. The member may be con?gured to enhance 
the amplitude and/or frequency of its vibration. 

Vibration of the member may be used to generate elec 
trical poWer in a variety of manners. A poWer generating 
assembly may be attached to the member so that, as the 
member vibrates, the poWer generating assembly is dis 
placed thereWith. Displacement of the poWer generating 
assembly causes electrical poWer to be generated. 

For example, the poWer generating assembly may include 
a coil and a magnet, With relative displacement being 
produced betWeen the coil and the magnet as the member 
vibrates. The poWer generating assembly may include a 

10 

15 

20 

25 

30 

35 

40 

55 

60 

65 

2 
pieZoelectric material and a mass, With the mass bearing on 
the pieZoelectric material and inducing strain therein as the 
member vibrates. The poWer generating assembly may 
include a pieZoelectric material applied to the member, so 
that strain is induced in the pieZoelectric material as the 
member ?exes When it vibrates. The poWer generating 
assembly may include a coil and a magnetostrictive 
material, With strain being induced in the magnetostrictive 
material as the member vibrates. 

In another aspect of the present invention, the member 
may have a ?oW passage formed through it, With the 
member vibrating When ?uid is ?oWed through its ?oW 
passage. The member may be in the form of a noZZle or 
venturi. Avarying pressure differential is created across the 
member as the ?uid ?oWs therethrough, causing the member 
to vibrate. Again, a variety of methods may be used to 
produce electrical poWer from the vibration of the member, 
including inducing strain in a pieZoelectric material, induc 
ing strain in a magnetostrictive material, displacing a coil 
relative to a magnet, etc. 

In a further aspect of the present invention, vibration of 
the member in response to ?uid ?oW may be regulated 
doWnhole. For example, the effect of changes in the ?uid 
?oW may be regulated by maintaining a velocity of the ?uid 
?oW Within predetermined limits. Such velocity mainte 
nance may be accomplished, for example, by varying a ?oW 
area in response to chances in the ?uid ?oW rate through the 
?oW passage. 

These and other features, advantages, bene?ts and objects 
of the present invention Will become apparent to one of 
ordinary skill in the art upon careful consideration of the 
detailed description of representative embodiments of the 
invention hereinbeloW and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional vieW of a method of 
generating poWer doWnhole embodying principles of the 
present invention; 

FIGS. 2A—F are cross-sectional vieWs of successive axial 
sections of a ?rst apparatus usable in the method of FIG. 1; 

FIG. 3 is a cross-sectional vieW of a portion of the ?rst 
apparatus taken alone line 3—3 of FIG. 2B; 

FIG. 4 is a cross-sectional vieW of a portion of the ?rst 
apparatus taken also line 4—4 of FIG. 2E; 

FIG. 5 is a cross-sectional vieW of a ?rst poWer generating 
assembly usable in the ?rst apparatus; 

FIG. 6 is a cross-sectional vieW of a second poWer 
generating assembly usable in the ?rst apparatus; 

FIG. 7 is a schematic diagram of poWer generation, 
storage, conversion and connection in the ?rst apparatus; 

FIGS. 8A & B are cross-sectional vieWs of successive 
axial sections of a second apparatus usable in the method of 
FIG. 1; 

FIGS. 9 & 9A are end and cross-sectional vieWs, 
respectively, of a ?rst alternate nose for use With the ?rst or 
second apparatus; 

FIG. 10 is an isometric vieW of a second alternate nose for 
use With the ?rst or second apparatus; 

FIG. 11 is a cross-sectional vieW of a third alternate nose 
for use With the ?rst or second apparatus; 

FIG. 12 is a cross-sectional vieW of a fourth alternate nose 
for use With the ?rst or second apparatus; 

FIG. 13 is a schematic cross-sectional vieW of a third 
apparatus usable in the method of FIG. 1; 
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FIG. 14 is a schematic cross-sectional vieW of a fourth 
apparatus usable in the method of FIG. 1; 

FIG. 15 is a schematic cross-sectional vieW of a ?fth 
apparatus usable in the method of FIG. 1; and 

FIG. 16 is a schematic cross-sectional vieW of an alternate 
con?guration of the ?rst apparatus. 

DETAILED DESCRIPTION 

Representatively illustrated in FIG. 1 is a method 10 
Which embodies principles of the present invention. In the 
following description of the method 10 and other apparatus 
and methods described herein, directional terms, such as 
“above”, “beloW”, “upper”, “lower”, etc., are used for 
convenience in referring to the accompanying draftings. 
Additionally, it is to be understood that the various embodi 
ments of the present invention described herein may be 
utiliZed in various orientations, such as inclined, inverted, 
horiZontal, vertical, etc., Without departing from the prin 
ciples of the present invention. 

The method 10 is described herein as being performed in 
conjunction With a producing Well in Which ?uid is produced 
from a formation 12 and into a tubular string 14, and is then 
?oWed through the tubular string to the earth’s surface. 
HoWever, it is to be clearly understood that principles of the 
present invention may be incorporated in other methods, for 
example, Where ?uid is injected into a formation or circu 
lated in the Well, such as during drilling operations, Where 
?uids pass from a relatively high pressure source to a 
relatively loW pressure Zone Within the Well, or Where ?uid 
?oWs from a pump or other “arti?cial” pressure source, etc. 
Thus, it is not necessary, in keeping With the principles of the 
present invention, for ?uid to be produced through a tubular 
string. 

In the method 10 as depicted in FIG. 1, ?uid from the 
formation 12 enters the tubular string 14 through a valve 16 
or other opening in the tubular string and ?oWs upWardly in 
the tubular string. Interconnected in the tubular string 14 is 
a doWnhole poWer generator 18 through Which the ?uid 
?oWs. In one important aspect of the present invention, this 
?uid ?oW through the poWer generator 18 causes it to 
generate electrical poWer. This electrical poWer may then be 
used to operate a doWnhole tool, such as a valve 20 
interconnected in the tubular string 14. It is to be clearly 
understood that the naive 20 is used merely as an example 
of the Wide variety of doWnhole tools that may be poWered 
by the generator 18, such as sensors, samplers, ?oW control 
devices, communication devices, etc. 

Electric lines or conductors 22 may be used to electrically 
connect the poWer generator 18 to the valve 20, enabling the 
valve to be remotely located relative to the poWer generator. 
Alternatively, the poWer generator 18 and valve 20 (or other 
doWnhole tool) may be integrally formed or directly con 
nected to each other. Furthermore, the poWer generator 18 
may be positioned above or beloW the valve 20, or in any 
other position relative to the valve. 

Referring additionally noW to FIGS. 2A—F, a doWnhole 
poWer generator 26 embodying principles of the present 
invention is representatively illustrated. The poWer genera 
tor 26 may be used for the poWer generator 18 in the method 
10 described above. Of course, the poWer generator 26 may 
be used in many other methods, Without departing from the 
principles of the present invention. 

The poWer generator 26 includes an outer generally 
tubular housing assembly 28 having a How passage 30 
formed generally axially therethrough. The housing assem 
bly 28 is appropriately con?gured for interconnection in a 
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tubular string, such as the tubular string 14 in the method 10, 
such that ?uid ?oW through the tubular string also ?oWs 
through the passage 30. Referring brie?y to FIG. 3, it may 
be seen that the passage 30 is diverted betWeen a central 
portion of the housing assembly 28 and an outer portion 
thereof via WindoWs 32 formed radially through an inner 
generally tubular mandrel portion 34 of the housing assem 
bly. Generally annular voids 36 are formed betWeen the 
mandrel 34 and the portion of the housing assembly 28 
outWardly overlying the mandrel, and these voids are part of 
the How passage 30. 

Releasably engaged With a pro?le 38 internally formed in 
the mandrel 34 is a conventional lock 40 of the type Well 
knoWn to those skilled in the art. For example, the lock 40 
may be a Halliburton X-type lock, or any other type of lock. 
HoWever, it is to be clearly understood that any releasable 
attachment means may be used in the poWer generator 26, 
Without departing from the principles of the present inven 
tion. 

ApoWer generating structure 42 is attached to the lock 40 
at a loWer end thereof. The poWer generating structure 42 
extends doWnWardly from the lock 40 and into the passage 
30 beloW the mandrel 34. Note that the poWer generating 
structure 42 is axially elongated and has one end (its upper 
end as depicted in FIGS. 2A—F) secured against displace 
ment relative to the housing assembly 28 by the lock 40 and 
has its other end (its loWer end as depicted in FIGS. 2A—F) 
extending into the passage 30. 

Thus, as shoWn in FIGS. 2A—F, the poWer generating 
structure 42 has its loWer end facing into the ?uid ?oW 
through the passage 30, if the ?uid How is directed upWardly 
through the housing assembly 28. This Would be the case if 
the poWer generator 26 Were to be used as shoWn in FIGS. 
2A—F for the poWer generator 18 in the method 10. 
HoWever, it is to be clearly understood that ?uid may ?oW 
doWnWardly through the passage 30, such as in an injection 
operation, or the poWer generator 26 may be differently 
con?gured so that the loWer end of the poWer generating 
structure 42 faces in the direction of the ?uid ?oW through 
the housing, assembly 28, or in another direction, Without 
departing, from the principles of the present invention. 

It Will be readily appreciated by one skilled in the art that, 
When ?uid ?oWs through the passage 30 about the poWer 
generating structure 42, the loWer end of the poWer gener 
ating structure Will be de?ected someWhat laterally relative 
to the housing assembly 28. This lateral de?ection Will occur 
repetitively, With the loWer end of the poWer generating 
structure 42 oscillating back and forth Within the housing 
assembly 28. Thus, ?uid ?oW through the passage 30 causes 
the poWer generating structure 42 to vibrate. 

The poWer generating structure 42 includes an elongated 
member 44. As depicted in FIGS. 2D & E, the member 44 
is generally tubular and is made of a relatively rigid material, 
such as steel. It Will be readily appreciated by one skilled in 
the art that the frequency at Which the poWer generating 
structure 42 vibrates in response to the ?uid ?oW through the 
passage 30 may be varied by changing the con?guration 
and/or material of the member 44. For example, the member 
44 may be made of a less rigid material to decrease the 
vibration frequency, or the Wall thickness of the member 
may be increased to increase the vibration frequency, etc. 
Therefore, it is to be clearly understood that the con?gura 
tion and/or the material of the member 44 may be changed, 
and the frequency of the poWer generating structure 42 
vibration may be changed, Without departing from the 
principles of the present invention. 


















